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Fully Braced for 
Seismic Survival 

I Osaka convention center engineer used a 
supercomputer to simulate quake scenarios 



A supercomputer and software nor- 
mally used for auto body collision 
analysis to<^ every struccuial coid- 
poncnt of Osaka's emerging 
$42(kiu]lioii-pIus convention cen- 
ter through numerous simulations of 
earthquakes likely to hit that part of 
Japan. The 104-meter-taIt building, set for 
completion in 2000, is rabed above a 
ground-iloor plaza, has a cavernous audi* 
lorium half way up and is dose to a geo- 
logical feulL But with its intensively engi- 
neered micm of shock-absorbmg braces, 
the designers are confident of the 13- 
i story stcd frame's seismic siu>ival. 

A 10<ompanyjoini venture led by TV 



kcnaka Corp., Osaka, began three years 
of work on the building's $298-inillion 
general contract last November. Before 
the contractors could start building the 
six structural cores and story^eep truss- 
es, which are the center's frame, the de- 
signers had to demonstrate exactly how 
the structure would respond to quakes. 
That was a requiremerit ofjapanese *dain* 
age>tolerant design," which sacrifices 
spedal braces to leave the rest vnth little 
damage. 

The Japanese arc interested in using 
intelligent systems/ says Ted Picpcn- 
brock» a Galifomian who heads the job's 
seismic team at Ove Amp & Fartneis, the 



project's London-based structural engi- 
neer. The US. has a completely differ- 
ent approach but ii*s changing." 

At Osaka, "for every single beam, col- 
umn and brace, we had to make sure that 
it satisfied the [seismic] performance cri- 
teria," Piepenbrock continues. That 
meant using three<limensional, nonlin- 
ear, finitfr«lement; dme-htstory analysis. 
"You could not have goUcn appro\'a) oth- 
erwise/ he says. 

Kisho Kurokawa Architects and Assod- 
atcs, the building's Tokyc^based designer, 
put the 67,00a5q-m high-rise on 13 floors 
and, except for the cores, raised die ^ole 
thing off the ground, which created a 
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'hoUowcdouf base for a public plaza. 
"There is a bck of open jpace in down- 
town Osaka. The dtiicns.,. strongly re- 
quested a plaza," says Kurokawa. 

Lack of space ako forced the conven- 
tion center to go up, rather than to 
spread out "We had no choice but to 
stack the various [programmatic] Ainc- 
tions»" says Mike Damdre, executive Vice 
proident of A. Epstein and Sons Inter- 
national Inc, Chicago, which siipported 
Kurokawa on die architecture. 

The building has a nearly 90x59^n 
rectangular footprint Recdlinear cores 
at each corner and at the midpoint of 
bodi IcMig sides contain all vehkal stnic- 
niral dcmenis. The cows, eadi ai»>roX' 
unaicly 14x 12 m in plan, have rein- 
forced concrete walls up to the first 
floor. Above that, six 1.2-m-square H- 
secUon coJumns, made widi welded 
steel plates up to 8 cendmcten diick, 
continue to die root At every third lev- 
el. single^toi>'-deep trusses span be- 
tween the cores, creating cohunn^ee 
spaces. Intermediate floors are either 
hung or propped from the trusses. 
There arc four longitudinal lines of 
trusses and six iransvcrse lines. They are 
stiffened for lateral loads by frame 
action and hundreds of highly visible 
cnergy-absorbing diagonal braces. 

The braces, the longest rising two 
floof3, are designed to "take" die seismic 
damage and protect the main frame 
during ai least one major quake "and 
probably two or three more," say 
the designers. Without 
buckling, they can 
stretch and compress 
under cychc loads, into 
the yield zone. Each 
brace has a cross- 
shaped section and 
is covered with de- 
bonding chemicals so 
that it can slip freely 
inside a concrete^Ued 
steel casing. 

Not connected to 
the main frame» the 
concrete and casing 
prevent the \mbond- 
ed brace from buckling 
without stiffening it. The 
biggest braces are 5>cm across 
and made widi 36^niUiroetc^^hick 
Sled, inside a 65<m-square casing. 

Kurokawa, supported by nonjapan- 
ae specialists, won die design contract 
three wears ago, foUowing a competi- 
tion held by the owner, Osaka Prefec- 
nire. Mi's an international facility, so I 
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thought a Japanesc^Amcricaiv-British col- 
laboration would be interesting,** says 
Rurokawa. He had asked Epstein for adr 
vice on the basis of its work at Chicago's 
McCormick Place, the world's largest 
convention facility. *It was quite exciting 
for me to introduce their know-how of 
[U-S.-stvlc) convention functions " adds 
Kurokawa. 

And he had also recruited Arup» having 
worked with the firm on various projects. 
Arup moved to Tokyo in the 1980s main^ 
h* to get work on Japanese projects in 
third countries, says Philip Dilley, a Lon- 
don-based direaor of Amp. Then, *'lhere 
was the phase of big-name intemadonal 
architects working in Japan and we came 
in on the back of those. The biggest job — 
Kansai airport-^put Arup on the map, he 
adds. With about 20 local jobs behind it, 
Arup b the only foreign engineer regis- 
tered as a firm to practice in Japan. 

in January 1995, well into the work, 
the Kobe e2Lrthquake struck. The poor 
performance of some Kobe buildings 



mechanical and stress ci^neers. With 
access to a Cray supercomputer, the 
grpiip has modeled collision impacts on 
cars, trains and even nuclear fuel flasks 
by running LS-OVNA, "one of the most 
advanced nonlinear dynamic analysis 
programs in the world," says Piepen- 
brock. Sitting with the group. Uie build- 
ing seismic team can esqiloit all that com- 
puter power. 

vWhile most building designers are 
"ramping up" software to model increas- 
ingly complicated structural behavior, 
Arup is "toning down" its DWA program, 
he adds. The firm is almost alone in 
"using explicit dme*integration tech- 
ni(}ue$ in nonlinear seismic analysb for 
buildings," claims Piepcnbrock. 
EXPLICIT Nonlinear finite-element 
analysis in building construction nor- 
mally uses simpliiied "implicit'* methods 
with a relatively small number of com- 
plex calculations. The explicit technique, 
used at the Osaka center, runs many 
more but simpler cakubdons. The much- 
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linear analysis of the building. It was not 
strictly needed for the Osaka job. where 
every structural elemei^t w^s then mod- 
eled in three dimensions iihdeir sinfiulat- 
ed ground displacements >ai)d velocities 
using the DYNA 5qftyvare;icnus.kind of 
analysis provides thei data oi| damage and 
energy dissipadon^ throughout a build- 
ing, which is needed for japan's damage- 
toleran^ designs. 

Japanese cngineen protect columns 
and beams with their special br^es. But 
the U,S. approach encpura^es/^eismic 
energy to dissipate in the; main gralvity 
load-resisting elements, such as beams In 
moment frames, and eccentric-faraced* 
frame link beams, says Piepenbrock. 
"U.S. building codes have not encour- 
aged designers to quantify damaige to 
these elements," he says. 

But since California's 1 994 Northridge 
earthquake, VJS. seismic design philoso- 
phy has begun to change, adds Piepen- 
brock. At Northridge, over 100 buildings 
incorporating "what we thought was our 
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prompted design changes, says Amp. For 
example, at Kobe, "there was a building 
with a similar steel structure . . . whidi had 
bricde &ilure. Columns just snapped*** 
says Joop Paul, Amp's project coordina- 
tor. "Prior to the earthquake we had 
never heard of such failure." 

To alter the Osaka design based on 
Kobe, the engineer modified the steel 
specification and reduced the amount of 
wddmg. partly by replacing box shaped 
cohmms with the H-secdons. 
TOLERANCE For seismic analysis, Amp 
had to comply with Japanese criteria for 
damage tolerance. As the Osaka stmc* 
ture b over 60 m in height, spedal ap- 
prm-al is needed from the Tall Buildings 
Committee^ The apprcK'al process caUs 
for performance^ased seismic design 
from first principles. And it reqtnres non- 
linear analysis, both static and dynamic, 
under seismic loading. 

To do all that. Amp dipped into \ii 
Advanced Technology Group, staffed by 



more-frequent calculations demand 
large computers. But with modem soft- 
ware, "I can build huge complex models 
very quickly and ana^^ the results very 
quickly," Piepenbrock explains. 

For the Osaka building, the 5D cotn> 
puter model had over 10,000 nonlinear 
elements representing inelasdc behavior 
in every stmctural component. Amp ana- 
lyzed the building three diroeasionally, 
and also with ground motions in diree 
directions because the long floor trusses 
would experience effects of gravity, as well 
as horizontal and vertical shaking. The 
analysis had to be nonlinear to determine 
the inelastic behavior of all stmctural 
components, and to demonstrate that the 
primary frame would not yield. 

Nonlinear work started with typical 
Japanese building push-over modeling 
under static loads to determine lateral 
force/ deflection characteristics for each 
story. Normally, push-over data would be 
used in simplified one-dimensional non- 



best system" performed badly, he says. 
Now, vnth the Structural Engineers Asso- 
ciation of Califomta also developing and 
promoting performance-based design, 
Piepenbrock believes U^. and Japanese 
approaches are beg^ning to converge. 
ALLOWABLE The new Califomtan ap> 
proacb moves away from prescribing seis- 
mic design forces in favor of recommend- 
ing allowable inelastic deformations of 
frame components. "For an economical 
design, the building's strength mav be ex- 
ceeded and we must rely on provicung dis- 
placement capacity/ says Piepenbrock. 

Requiring greater engineering skills 
and resources, the new approach has its 
detractors. But shocking events at Kobe 
and Northridge "really have begim to 
change the way engineers design and 
analyze buildings/ maintains Piepen- 
brock. "^e no longer accept that damage 
could be anywhere in a building.. .AVI^ 
can do much better than thaL* Q 
B) Peter BeMwiff^DermuNomile 



